incidence and severity of damage due to gummy stem blight on cucumber is second only to those of root knot nematode in North Carolina (St. Amand and Wehner, 1991) . Gummy stem blight is a serious disease of greenhouse cucumber in The Netherlands, where it causes fruit rot (black rot) (Punithalingam and Holliday, 1972; Van Steekelenburg, 1985a) . Cucumber plants may be infected at any growth stage from seedling to mature fruit, and infection can occur on all plant parts, including roots (Thinggaard, 1987) . Didymella blight and Phoma blight have similar symptoms and control practices and, together, cause gummy stem blight. Although chemical control is available, resistant cultivars would be preferable.
Infection caused by D. bryoniae is dependent on relative humidity (RH), with more infection occurring at 95% than at 50% RH. Greatest infection is also produced by freestanding water on leaves. In the case of older leaves, wounding is essential for infection (Van Steekelenburg, 1985b) . St. Amand and Wehner (1995a) reported that susceptibility of cucumber plants increased with increased guttation. Detached-leaf and greenhouse seedling tests both indicated that old leaves were more susceptible to the pathogen than young leaves. Field tests also revealed that leaves and stems were more susceptible after the vine tip-over stage (about eight true leaves) (St. Amand and Wehner, 1995a) . Cucumber beetles (Diabrotica undecimpunctata howardi Barber and Acalymma vittatum Fabricius) and powdery mildew [Erysiphe cichoracearum DC. or Sphaerotheca fuliginea (Schlect.) Poll.] may predispose the plant to infection or contribute to pathogen spread (Bergstrom et al., 1982) .
Van Steekelenburg (1985a) reported that late-morning transition to day temperature settings in the greenhouse caused a higher incidence of main stem lesions and internal fruit rot from D. bryoniae on cucumber compared with early-morning transition. This was attributed to longer duration at high humidity, and to water condensation on fruits. St. Amand and Wehner (1995a) reported that dawn inoculation during field or greenhouse tests increased leaf susceptibility compared with dusk inoculation, possibly because of free water and nutrients provided by guttation.
The typical symptoms of gummy stem blight on cucurbits are circular, tan to dark brown spots that appear first at the leaf margins and rapidly spread over the entire leaf. Circular, black or tan spots also appear on the cotyledons and stems of young plants. Stem cankers develop in the cortical tissue, and a brown, gummy exudate is produced on the surface. On fruits, the disease causes a soft rot with black discoloration of the epidermis (exocarp). Small, water-soaked spots develop that later enlarge to an indefinite size, with a gummy exudate. In the lesions of different organs, pycnidia of the anamorph stage (P. cucurbitacearum) and perithecia of the teleomorph (D. bryoniae) are observed as abundant black dots (Zitter et al., 1996) .
Seedling tests for gummy stem blight have been developed (Abad and Wehner, 1992; Van Steekelenburg, 1981; Wyszogrodzka et al., 1986) , and disease ratings from seedling tests described by St. Amand and Wehner (1995a) were found to be highly correlated (r = 0.82 to 0.96) to disease ratings in field tests.
There have been no reports of race specialization for D. bryoniae. In eight geographically diverse isolates tested for differences in pathogenicity to cucumber, there was no significant interaction of cultivar with isolate, and no differences were observed among the eight isolates for pathogenicity based on cluster analysis (St. Amand and Wehner, 1995b) . However, two isolates (one from The Netherlands and one from Spain) were found to be more pathogenic than the isolates from the United States. Resistance in cucumber to D. bryoniae appeared to be nonspecific or horizontal in pattern, indicating that breeders could use a single pathogenic isolate of D. bryoniae when screening for resistance.
The objective of this experiment was to test all available plant introduction (PI) accessions from the U.S. National Plant Germplasm System, cultivars, and breeding lines (hereafter collectively referred to as cultigens) of cucumber for gummy stem blight resistance under field conditions in North Carolina.
Materials and Methods
The experiment was conducted in 1989 at the Horticultural Crops Research Station in Clinton, N.C., using recommended horticultural practices as summarized by Schultheis (1990) .
Cultigens used. All available PI accessions (720) from the U.S. National Plant Germplasm System were tested, along with 41 breeding lines and 90 cultivars from the North Carolina State University collection, for a total of 851 cultigens originating from 45 countries. Most of the cultigens tested were from Turkey (164), the People's Republic of China (P.R. China) (102), former Yugoslavia (63), Iran (54), India (46), Japan (43), former Soviet Union (USSR) (41), former Czechoslovakia (31), and the United States (16). The PI accessions were obtained from the North Central Regional Plant Introduction Station in Ames, Iowa. Other cultigens were obtained from commercial sources, public breeding programs, or the National Seed Storage Laboratory (NSSL) in Fort Collins, Colo. An additional 33 cultigens were tested, but data are not presented in this paper because of poor seed germination or plant growth.
Inoculum preparation. One isolate of P. cucurbitacearum, which was collected in 1988 from cucumber fields in North Carolina and proved to be highly pathogenic in preliminary greenhouse tests, was used for field inoculation. The isolate was increased in malt extract agar medium at room temperature (≈23 °C) under 16 h of fluorescent light [40 to 90 mol·m -2 ·s -1 photosynthetic photon flux (PPF)] per day for 7 d (Van Der Meer et al., 1978) . Conidia were collected by flooding plates with 5 to 10 mL of acidified sterile distilled water and scraping the surface of the agar with a rubber spatula. The liquid from each plate was filtered through four layers of cheesecloth to remove mycelia, pycnidia, and dislodged agar. The spore suspension was standardized to a concentration of ≈1 × 10 6 spores per mL using a hemacytometer. Before inoculation, Tween 80 ® (surfactant) was added at the rate of 0.5 ml·L -1 of the spore suspension. Field test. Fertilizer was incorporated before planting at a rate of 90N-39P-74K kg·ha -1 , with an additional 34 kg·ha -1 N applied at the vine-tip-over stage (four to six true leaves). Seeds were planted on raised, shaped beds with centers 1.5 m apart. Plots 1.5 m long were seeded, and later thinned to five plants at the first true leaf stage. A 1.5 m alley was present at either end of each plot. Irrigation was applied when needed to provide a total of 25 to 40 mm per week, and a tank mix of 2.2 kg·ha -1 of naptalam {2-[(1-naphthalenylamino) carbonyl] benzoic acid} and 4.4 kg·ha -1 of bensulide {O,O-bis(1-methylethyl) S- [2-[(phenylsulfonyl) amino] ethyl] phosphorodithioate} was applied preplant for weed control. The field was surrounded by border rows for uniform competition.
Inoculation and ratings. Field plots were inoculated on 26 June and 3 July with a suspension of the selected isolate (highly pathogenic in preliminary greenhouse tests) at the vine tip-over stage until a fine film of inoculum suspension covered the leaves. A Solo backpack sprayer (Solo, Newport News, Va.) was used to spray the inoculum on the leaves and stems at 100-140 kPa (15-20 psi) until run-off. We observed natural occurrence of gummy stem blight with typical lesions in the field, and there was a low incidence of anthracnose [Colletotrichum lagenarium (Ross.) Ellis & Halst] . The weather conditions during the season with high humidity helped in the uniform spread of gummy stem blight.
Field plots were rated on 13 and 20 July for foliar lesions, using a 0 to 9 visual rating scale (0 = no disease, 1 to 2 = a trace of infection, 3 to 4 = few small lesions, 5 to 6 = 20 to 50 % of leaves covered with small lesions, 7 to 8 = plant wilted and covered with 50% or more with lesions, 9 = plant killed). The rating system was modeled after the categories developed by Thompson and Jenkins (1985) . Ratings were averaged over the five plants in a plot.
Data collection and analysis. The experiment was a randomized complete-block with 884 cultigens, two replications, and two ratings. Prior to analysis, data were checked for normality, error variance homogeneity, and additivity by residual plot analysis. Residual plots had a random distribution, indicating that the statistical model was valid and its assumptions were met (Fernandez, 1992) . Rating scale data were not transformed because assumptions for the analysis of variance were met (Little, 1985) . Data were analyzed using the GLM procedure of SAS (SAS Institute, Cary, N.C.).
Results and Discussion
The cultigens were ranked based on the mean gummy stem blight rating averaged over the two rating dates (Table 1) When rating for resistance on a continuous scale, it is difficult to separate cultigens into classes such as resistant and susceptible. However, plant breeders often use those terms for quantitative traits. In keeping with that practice, cultigens with ratings of 3.0 or lower were classified as highly resistant, >3.0 to <6.0 as moderately resistant, and ≥6.0 as susceptible. The categories were somewhat arbitrary, but were based on the range/LSD value of 3.1, meaning that there were 3.1 LSD units from the most susceptible to the most resistant cultigen. Based on those classifications, 16 cultigens were highly resistant, 269 were moderately resistant, and 566 were susceptible (Table 1) .
No conclusions could be made concerning the resistance of feral accessions from particular countries because the assortment of cultigens from a given country included any combination of improved cultivars, breeding lines, land races, and feral accessions. A comparison among countries for only feral accessions was not possible because that information was not available from either the Germplasm Resources Information Network (GRIN) or the North Central Regional Plant Introduction Station for most cultigens.
The degree of heterozygosity for most of the cultigens tested was unknown but may be high in some PI accessions. The PI accessions found to be resistant in this study were likely to have useful genes for resistance. However, those accessions found to be susceptible may still carry recessive alleles for resistance that were not discovered because of the small sample size and the possibility of heterozygosity. Van der Meer et al. (1978) screened cultigens for resistance to gummy stem blight resistance using a seedling test, and reported that PI 200818 (Burma), PI 339241 (Turkey), 'Leningradsky', 'Wjarnikovsky' (USSR), and 'Rheinische Vorgebirge' (Germany) were the most resistant. Wyszogrodzka et al. (1986) also reported that 'Homegreen #2' and PI 200818 were the most resistant among 49 cucumber cultigens tested for the pathogen in fields in Florida and Wisconsin. However, among the 1208 cultigens tested in a seedling test for the pathogen (Wyszogrodzka et al., 1986) , no cucumber cultigen was found to be resistant. Our results agree with those of Wyszogrodzka et al. (1986) for the cultivar Homegreen #2, which was resistant. However, PI 200818, which Van der Meer et al. (1978) and Wyszogrodzka et al. (1986) reported to be resistant, was susceptible in our study with a mean disease rating of 6.3. PI 200815 (Burma) was the most resistant of the 851 cultigens tested in our study. PI 339241, which was reported to be resistant in The Netherlands (Van Der Meer et al., 1978) , was susceptible both in our test and in that of Wehner and St. Amand (1993) . Wehner and St. Amand (1993) evaluated a total of 83 cultigens (cultivars, breeding lines, and PI accessions) for resistance to a mixture of D. bryoniae isolates in the field for 4 years in North Carolina. The most resistant C. sativus cultigens in their study were PI 164433, 'Slice', PI 390264, M 17, and M 12. They found several highly resistant accessions of related Cucumis species, including PI 299568 (C. myriocarpus Naud.), PI 282450 (C. zeyheri Sond.), PI 299572 (C. myriocarpus), and PI 233646 (C. anguria L.). The most susceptible cultivars were 'Colet', 'Meresto', 'Supergreen', 'Dura', 'Pioneer', 'Marketmore 76', 'Pickmore', and 'Addis'. Only a few cultigens were common to both studies. The cultigens that were reported to be resistant or susceptible in the study by Wehner and St. Amand (1993) were moderately resistant (rating 3.0-6.0) in our study [('Slice' (3.5) , PI 390264 (4.3), PI 164433 (5.0), 'Marketmore 76' (5.5), 'Addis' (4.5), 'Calypso' (4.0), and 'Dasher II' (3.5)]. Differences in rating between the studies possibly may be attributed to the use of a mixture of isolates in the study by Wehner and St. Amand (1993) , whereas we used a highly pathogenic isolate. A second explanation could be isolate × environment interactions. Even though variability in virulence of the pathogen has been reported (Van Steekelenburg, 1982) , D. bryoniae races have not been mentioned in the literature. St. Amand and Wehner (1999a) reported that heritability estimates for gummy stem blight were low to moderate, ranging from 0.12 to 0.49 for leaf ratings and from -0.03 to 0.12 for stem ratings in two cucumber populations. Wyszogrodzka et al. (1986) reported that the realized heritability for foliar resistance in one cycle of mass selection within z Some countries listed as the origin of some accessions (e.g., Czechoslovakia, USSR, Yugoslavia) no longer exist as political units. Ratings were assessed visually 1 and 2 weeks after inoculation and were based on the percentage leaf area affected using a 0 to 9 scale (0 = no disease, 1 to 2 = a trace of infection, 3 to 4 = few small lesions, 5 to 6 = 20% to 50% of leaves covered with small lesions, 7 to 8 = plant wilted and covered with 50% or more with lesions, 9 = plant killed). Values are means of two replications. 
